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(57) ABSTRACT 

A method of radio frequency communication for a life safety 
device including a controller, a hazardous condition sensor, 
an alarm device, and a radio frequency communications 
device including transmitting and receiving capability. One 
method includes receiving a test signal using the radio 
frequency communications device, lowering a Voltage to the 
hazardous condition sensor to simulate a hazardous condi 
tion to test the hazardous condition sensor, and emitting an 
alarm using the alarm device if the hazardous condition 
sensor passes the test. Another method includes before 
transmitting a radio frequency signal, turning on the radio 
frequency communications device for a period of time, and 
delaying transmission if the radio frequency communica 
tions device receives a header, deadtime and startbit. Yet 
another method includes sending a test signal at a first 
transmission power level, and sending an alarm signal at a 
second transmission power level greater than the first trans 
mission power level. 
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RADIO FREQUENCY COMMUNICATIONS 
SCHEME IN LIFE SAFETY DEVICES 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. Patent 
Provisional Application Ser. No. 60/620.227 filed on Oct. 
18, 2004, and U.S. Patent Provisional Application Ser. No. 
60/623,978 filed on Nov. 1, 2004, the entireties of which are 
hereby incorporated by reference. 

TECHNICAL FIELD 

0002 The disclosed technology relates to a networked 
system of compatible life safety devices. More particularly, 
the disclosed technology relates to a radio frequency com 
munications scheme that facilitates radio frequency com 
munications between compatible components of a system of 
life safety devices. 

BACKGROUND 

0003. It is known to use life safety devices within a 
building or other structure to detect various hazardous 
conditions and/or provide a warning to occupants of the 
building of the detected hazardous condition. Examples of 
well known life safety devices include smoke detectors and 
carbon monoxide detectors. Some life safety devices include 
both the capability to detect a hazardous condition, for 
example Smoke, and to generate an audible and/or visual 
alarm to provide an alert that a hazardous condition has been 
detected. Other life safety devices are configured to detect a 
hazardous condition, and when a hazardous condition is 
detected, send a signal to a remote life safety device, for 
example an alarm device, which generates the alarm. In each 
case, a hazardous condition is detected and an alarm gen 
erated warning of the hazardous condition. 
0004. In a building with multiple rooms or levels 
equipped with conventional life safety devices, the occu 
pants of the building may not be adequately or timely 
warned of a hazardous condition that has been detected in a 
part of the building not presently occupied by the occupant. 
Attempts to remedy this problem include the use of detectors 
that communicate with one another via radio frequency (RF) 
signals in which the detector that detects a hazardous 
condition sends an RF signal to other detectors in the 
building thereby triggering a warning on those detectors 
(see, e.g., U.S. Pat. Nos. 5,587,705 and 5,898,369), and 
detectors that are hardwired interconnected to one another 
and/or to one or more monitoring or signaling units (see, 
e.g., U.S. Pat. No. 6,353,395). 
0005. The use of RF interconnected life safety devices is 
attractive as an existing building, for example a home, can 
be equipped with the safety devices without the need to run 
new wiring throughout the building. RF interconnected life 
safety devices are also beneficial because many buildings 
have high ceilings on which the safety devices are most 
Suitably placed for optimum detection. This can make it 
difficult to physically access the safety devices, which has 
been previously necessary to conduct the recommended 
periodic testing of each safety device and to silence the 
safety device after it has started signaling an alarm. 
Examples of using RF signals to communicate between life 
safety devices during testing are disclosed in U.S. Pat. Nos. 
4,363,031 and 5,815,066. 
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0006. Despite the existence of life safety devices using 
RF communications, there is a need for improvements in RF 
communications between RF configured life safety devices. 

SUMMARY 

0007. The disclosed technology relates to a networked 
system of compatible life safety devices. More particularly, 
the disclosed technology relates to a radio frequency com 
munications scheme that facilitates radio frequency com 
munications between compatible components of a system of 
life safety devices. 
0008 According to one aspect, a method of radio fre 
quency communication for a life safety device including a 
controller, a hazardous condition sensor, an alarm device, 
and a radio frequency communications device including 
transmitting and receiving capability, includes: receiving a 
test signal using the radio frequency communications 
device; lowering a Voltage to the hazardous condition sensor 
to simulate a hazardous condition to test the hazardous 
condition sensor, and emitting an alarm using the alarm 
device if the hazardous condition sensor passes the test. 
0009. According to another aspect, a method of radio 
frequency communication for a life Safety device including 
a controller, a hazardous condition sensor, an alarm, and a 
radio frequency communications device including transmit 
ting and receiving capability, includes: before transmitting a 
radio frequency signal, turning on the radio frequency 
communications device for a period of time; and delaying 
transmission if the radio frequency communications device 
receives a header, deadtime and startbit. 
0010. According to yet another aspect, a method of radio 
frequency communication for a life Safety device including 
a controller, a hazardous condition sensor, an alarm, and a 
radio frequency communications device including transmit 
ting and receiving capability, includes: sending a test signal 
at a first transmission power level; and sending an alarm 
signal at a second transmission power level greater than the 
first transmission power level. 

DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 illustrates an example of a system of life 
safety devices. 
0012 FIG. 2 is a block diagram of a hazardous condition 
detector that can form one of the life safety devices of the 
system of FIG. 1. 
0013 FIG. 3 is a block diagram of a sound module that 
can form one of the life safety devices of the system of FIG. 
1. 

0014 FIG. 4 illustrates the format of an RF transmission 
between the life safety devices. 
0.015 FIGS. 5A, 5B and 5C are flow charts illustrating 
exemplary operation of hazardous condition detectors of the 
system. 

DETAILED DESCRIPTION 

0016. An example of a system 10 of life safety devices is 
illustrated in FIG. 1. The illustrated system 10 is composed 
of a plurality of hazardous condition detectors 12a, 12b, 
12c, . . . 12n, and at least one non-detecting device 14. It is 



US 2006/0O82455 A1 

to be realized that the system 10 can be composed of 
hazardous condition detectors without a non-detecting 
device, or with more than one non-detecting device. In one 
embodiment, a plurality of the hazardous condition detectors 
can be sold along with one of the non-detecting device in a 
life safety kit. 

0017. The hazardous condition detectors are distributed 
at Suitable locations within a building for detecting hazard 
ous conditions throughout the building. For example, if the 
building is a home, the detectors can be located in the 
various rooms of the home, including the kitchen, the 
basement, the bedrooms, etc. The non-detecting device 14, 
if included in the system 10, can be located at any conve 
nient location within the home, for example in each room in 
which a detector is located, or at a central location of the 
home found to be convenient by the homeowner. 
0018. The hazardous condition detectors 12a, 12b, 
12c, . . . 12m include, but are not limited to, environmental 
condition detectors for detecting hazardous environmental 
conditions, such as Smoke detectors, gas detectors for detect 
ing carbon monoxide gas, natural gas, propane, and other 
toxic gas, fire detectors, flame detectors, heat detectors, 
infra-red sensors, ultra-violet sensors, and combinations 
thereof. The hazardous condition detectors can also include, 
but are not limited to, detectors that detect a non-environ 
mental hazardous condition, for example glass breakage 
sensors and motion sensors. For sake of convenience, the 
hazardous condition detectors 12a-n will hereinafter be 
described and referred to as Smoke detectors 12 that are 
configured to detect smoke. However, it is to be realized that 
the detectors can include other forms of detectors as well. 

0019. The smoke detectors 12 are also preferably con 
figured to be able to produce an alarm when Smoke is 
detected or for testing of the detectors 12. The alarm 
produced by each detector can be an audible alarm, a visual 
alarm, or a combination thereof. If an audible alarm is used, 
the audible alarm can be a tonal alarm, a verbal alarm, or a 
combination of both. An example of the use of a tonal alarm 
in combination with a verbal alarm is disclosed in U.S. Pat. 
No. 6,522,248. If a verbal alarm is used, the verbal alarm can 
result from pre-recorded Voice messages, synthesized voice 
messages, and/or user recorded Voice messages. 

0020. The smoke detectors 12 can be DC powered by one 
or more batteries, or AC powered with battery backup. For 
sake of convenience, the smoke detectors 12 will be here 
inafter described as producing an audible alarm and being 
DC powered by one or more batteries. 
0021. The non-detecting device 14 is not configured to 
detect a hazardous condition. Instead, the non-detecting 
device 14 is intended to interact with the smoke detectors 12 
to initiate actions in the detectors 12 and to signal an alarm 
when a suitable signal is received from a detector 12. 
0022. The non-detecting device(s) 14 is configured to 
initiate actions in the Smoke detectors 12, for example 
initiating a test of the Smoke detectors or silencing the Smoke 
detectors. In addition, the non-detecting device(s) 14 is 
configured to monitor the Smoke detectors 12 and signal an 
alarm when one of the detectors 12 detects smoke or when 
a test signal is received from a detector 12. The non 
detecting device(s) 14 includes, but is not limited to, a Sound 
module for producing an audible alarm, a light unit that is 
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configured to illuminate a light as a warning, a control unit 
that is configured to store and/or display data received from 
or relating to other life safety devices in the system, and 
combinations thereof. 

0023 For sake of convenience, the non-detecting 
device(s) 14 will hereinafter be referred to as a sound 
module 14 that is configured to produce an audible alarm 
and initiate actions in the detectors 12 of the system 10. The 
non-detecting device(s) 14 is preferably AC powered with 
battery backup. 

0024 Details of a smoke detector 12 are illustrated in 
FIG. 2. The smoke detector 12 comprises a controller 20, 
which is preferably a microprocessor. The controller 20 is 
responsible for all RF-related communication tasks, includ 
ing sending and receiving signals, and coding and decoding 
the signals. 

0025 To send and receive RF signals, the detector 12 
includes an RF communications device 22, for example an 
RF transceiver, that receives coded RF signals from other 
devices in the system 10, for example from another detector 
12 or from the sound module 14, and that transmits coded 
RF signals to the other detectors 12 and the sound module 
14 of the system 10. The coding and decoding of the 
received and transmitted signals is performed by Suitable 
coding/decoding firmware 24 built into the controller 20. 
The RF signals are preferably amplitude modulated signals. 
However, other signal modulation techniques could be used 
as well. The RF communications device 22 will hereinafter 
be described as an RF transceiver, although it is to be 
realized that other forms of RF communications devices 
could be used as well. For example, in an alternative 
embodiment, a separate transmitter 26 and receiver 28 
illustrated in dashed lines in FIG. 2 can be used in place of 
the transceiver 22. 

0026. A suitable smoke sensor 30 (or other sensor, for 
example CO sensor, flame sensor, fire sensor, etc. depending 
upon the type of detector) is connected to the controller 20 
for detecting Smoke and providing a signal relating to the 
level of smoke detected. The sensor 30 can be an ionization 
Smoke sensor or a photoelectric Smoke sensor of a type 
known in the art. Upon a sufficient level of smoke being 
sensed by sensor 30, the controller 20 sends a signal to an 
alarm circuit 32 to trigger an audible alarm, for example an 
interleaved tonal alarm and a voice message. Power for the 
controller 20, the sensor 30, the alarm 32 and the other 
components of the detector 12 is provided by a battery 
power source 34. 

0027. An identification circuit 36 is provided for setting 
a unique ID of the detector that corresponds to the ID of 
other devices in the system 10. For example, the circuit 36 
can comprise an eight-position DIP switch that is user 
configurable to allow the user to set the ID of each detector 
to a common ID. Other forms of identification circuitry can 
be used instead of DIP switches, or the firmware of the 
controller can be used to create the ID. All detectors and 
other devices in the system 10 must have the same ID in 
order to communicate with one another. This prevents 
systems in adjacent buildings or apartments from commu 
nicating with each other. 
0028. In addition, a test/silence button 38 is provided on 
the detector 12. The button 38, when pressed, allows a user 
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to initiate a test of the detector 12 to trigger an alarm on the 
alarm circuit 32. The detector 12 will also send an RF test 
message via the transceiver 22 to remote devices in the 
system 10 to initiate a test of the remote devices in the 
system. The button 38, when pressed, also allows a user to 
silence a local alarm, and sendan RF silence message via the 
transceiver 22 to remote devices in the system 10 to silence 
the remote devices in the system. If the detector 12 is in 
alarm when the button 38 is pressed, the silence message 
will be sent to the remote devices. If the detector 12 is not 
in alarm when the button 38 is pressed, the detector will send 
the RF test message. The test and silence messages prefer 
ably continue for up to ten seconds after the user releases the 
button. In an alternative configuration, illustrated in dashed 
lines in FIG. 2, separate test 40 and silence 42 buttons can 
be used instead of the single button 38. 

0029) Turning now to FIG. 3, the details of the sound 
module 14 will now be described. The sound module 14 
comprises a first controller 50, preferably a microprocessor, 
for controlling the RF communication functions of the sound 
module, and a second controller 51, preferably a micropro 
cessor, for controlling all remaining functions of the Sound 
module. If desired, a single controller could be used in place 
of two controllers to control operations of the sound module. 
The controllers 50, 51 and the other components of the 
sound module 14 are preferably powered by an AC power 
source 52, such as mains electrical power. In the preferred 
embodiment, the Sound module 14 is configured to plug into 
an electrical outlet near where it is placed. The sound 
module 14 also preferably includes one or more batteries as 
a back-up power source. 

0030 The sound module 14 also includes an RF com 
munications device 54, for example an RF transceiver 54, 
that receives coded RF signals from other devices in the 
system 10, for example from a detector 12, and that trans 
mits coded RF signals to the detectors 12 of the system 10. 
The coding and decoding of the received and transmitted 
signals is performed by Suitable coding/decoding firmware 
56 built into the controller 50. As with the detectors, the RF 
signals sent by the sound module 14 are preferably ampli 
tude modulated. The RF communications device 54 will 
hereinafter be described as an RF transceiver, although it is 
to be realized that other forms of RF communications 
devices could be used as well. For example, in an alternative 
embodiment, a separate transmitter 58 and receiver 60 
illustrated in dashed lines in FIG. 3 can be used in place of 
the transceiver 54. 

0031. An identification circuit 62 is provided for setting 
a unique ID of the sound module 14, corresponding to the ID 
of the detectors 12. As with the detectors 12, the circuit 62 
of the sound module 14 can comprise an eight-position DIP 
switch that is user configurable to allow the user to set the 
ID of the sound module to match the ID set in the detectors 
12. Other forms of identification circuitry can be used 
instead of DIP switches, or the firmware of either one of the 
controllers 50, 51 can be used to create the ID. 

0032. The sound module 14 also includes an alarm circuit 
64 that is triggered when the transceiver 54 receives an 
alarm signal or a test signal from a remote detector 12. As 
with the alarm circuit 32, the alarm circuit 64 triggers an 
audible alarm, for example an interleaved tonal alarm and a 
Voice message. 
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0033. In addition, a test/silence button 66 is provided on 
the sound module 14. The button 66, when pressed, allows 
a user to initiate a test of the Sound module 14 to trigger the 
alarm circuit 64. The sound module 14 will also send an RF 
test message via the transceiver 54 to the detectors 12 in the 
system 10 to initiate a test of the detectors 12. The button 66, 
when pressed, also allows a user to silence the alarm 64, and 
send an RF silence message via the transceiver 54 to the 
detectors 12 to silence the detectors 12. If the sound module 
14 is in alarm when the button 66 is pressed, the silence 
message will be sent to the detectors 12. If the sound module 
14 is not in alarm when the button 66 is pressed, the sound 
module will send the RF test message. The test and silence 
messages preferably continue for up to ten seconds after the 
user releases the button. In an alternative configuration, 
illustrated in dashed lines in FIG. 3, separate test 68 and 
silence 70 buttons can be used instead of the single button 
66. 

Overview of System Operation 
0034. A user installs the smoke detectors 12 at appropri 
ate locations and locates one or more sound modules 14 as 
desired. After setting the code of the detectors 12 and sound 
module(s) 14 to a common ID, the system is ready to 
operate. A detector 12 is capable of detecting local Smoke 
and Sounding its alarm, and triggering the alarms of other 
detectors 12 and of the sound module when smoke is 
detected. Testing of the system can also be initiated by 
pushing a button on one of the detectors, or on the Sound 
module, thereby initiating the local alarm and sending an 
alarm test signal to the other devices to trigger the alarms on 
remote devices. The alarms of the system can also be 
silenced by pushing a button on one of the detectors, or on 
the Sound module, thereby silencing the local alarm and 
sending a silence signal to the other devices to silence the 
alarms on remote devices. When a detector 12 receives a 
message from another detector or from a sound module, and 
when a Sound module receives a message from another 
sound module or from a detector, the detector or sound 
module will take appropriate action based on the contents of 
the received message. 
0035) In the case of a smoke condition, if a smoke 
detector 12 detects a sufficient level of smoke, the detector 
12 detecting the Smoke will sound its alarm and initiate a 
series of RF transmissions to the other detectors 12 and to 
the Sound module(s) 14 indicating that their alarms should 
be sounded. The detector 12 that detects the Smoke becomes 
the master, with the other detectors being slave detectors. 
Upon receipt of the RF transmissions, the slave detectors 12 
and the sound module(s) 14 will sound their alarms. The RF 
transmissions preferably continue for the duration of the 
alarm of the master detector. As discussed in more detail 
below, the RF transmissions preferably have a duration of 
less than about 100 ms. 

0036). When the button 38 or 66 is pressed during an 
alarm, the unit whose button was pressed sends out a silence 
message. The master detector desensitizes its sensor 30 and 
stopsalarming if the detected smoke level is above the new 
level. The slave devices receive the silence message and 
expire their alarm timers and go back to standby mode. 
0037. A system test can also be initiated by the user from 
either one of the detectors 12 or from one of the sound 
modules 14 by pressing the button 38 or 66. If the detector 
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12 or sound module 14 is not in alarm when the button is 
pressed, the test message will be sent throughout the system. 
When the test/silence button 38 on a unit is pressed, or the 
device receives a test message, the device tests the circuitry 
in the alarm 32 and sensor 30. In the example shown herein, 
sensor 30 is an ion type Smoke sensor. To test Such an ion 
type sensor 30, the voltage to the sensor 30 is lowered and 
the measured voltage at the controller 20 drops in the same 
manner as when Smoke is sensed. By using RF and trans 
mitting a distinct test signal in the examples shown herein, 
not only is the communication path tested, but also each 
receiving device performs its own circuit test. For example, 
when a device receives a test signal, the device can perform 
all the normal test functions as if the test button on the device 
itself was pushed. Such as lowering the Voltage to the sensor 
30 to simulate Smoke and the produce an alarm signal from 
the successful completion of the self test. 
0038 For detectors 12 operating on DC power, during 
main operation (i.e. non-alarm operation), each detector 12 
will enable its transceiver 22 at periodic intervals, for 
example 10 second intervals, to listen for a test or alarm 
message. This will reduce power consumption and allow the 
detectors 12 to operate on battery power for up to a year. 
When a detector goes into alarm, the transceiver 22 will 
enter a receive mode whenever the transceiver is not trans 
mitting to listen for a silence message. 
Message Description 
0.039 Each message that is sent, for example alarm 
messages and manual message including the test and silence 
messages, can include the following exemplary components: 

ID Command Error Check 

1 Byte 1 Byte 1 Byte 

ID: A one-byte system wide identification number. The ID 
can be more than one-byte of desired. 
Command: An instruction or message informing the receiv 
ing device what to do. The command can also be more than 
one byte if desired. 
Error Check: A check in the message through which an error 
in the transmission can be determined and/or fixed. For 
example, the Error Check can be a checksum that is calcu 
lated by arithmetically adding the individual message bytes 
together. Another Error Check can be a cyclic redundancy 
check. 

0040. The message can be sent with the components 
ordered as in the above table. Alternatively, the message can 
be sent with the message components in other orders, the 
message can include multiple ones of each message com 
ponent, and the message can comprise other combinations of 
message components. For example, two or more ID's can be 
provided, two or more commands can be provided, and two 
or more error checks can be provided. 
0041. The contents of the command component will vary 
depending on the purpose of the message as described 
below. Each command is sent most significant byte first. 
0.042 Each time that a unit transmits, at least the system 
ID, command and an error check are sent. This allows the 
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device receiving the message to respond differently based on 
the message received. The error check allows the integrity of 
the transmission to be verified, reducing the chance that 
random noise could cause an unwanted action to take place. 
Message Types 

0043. A number of messages can be transmitted between 
the devices of the system 10. For example, the messages can 
include alarm messages resulting from detected hazardous 
conditions, manual messages that are sent at the request of 
a user, utility messages that are sent during production 
testing of the life safety devices, low battery messages, 
status messages, etc. The following are details on two 
exemplary types of messages. 

Alarm Messages 

Description Data Comment 

Smoke Detected Ox82 Causes receiving detectors and/or 
Sound modules to enter Smoke alarm state 

CO Detected Ox83 Causes receiving detectors and/or 
sound modules to enter CO alarm state 

0044) 

Manual Messages 

Description Data Comment 

Silence Ox81 Receiving detectors and sound modules that 
are in Smoke alarm will cease to alarm. 
Initiating alarm will desensitize. 

Test 0x80 Detectors and sound modules in standby non 
alarm mode will conduct a test. 

Message Coding 

0045. After the messages are composed by the controller, 
they are encoded using a suitable coding scheme. An 
example of a Suitable coding scheme is Manchester Encod 
ing where the messages are encoded into a series of edges 
with two edges representing a one and one edge representing 
a Zero. An advantage of this encoding scheme is that the 
carrier is on for one half of the transmission and off for one 
half of the transmission. This allows for a more predictable 
power measurement. Also, since the transceiver is only on 
for one half the time, the peak power can be set higher, for 
example 3 dB higher. 

Message Transmission 

0046. It is also advantageous to make the transmission 
time of a message as short as possible. This is because the 
Federal Communications Commission (FCC) averages out 
put power over a 100 ms period. Thus, a transmission of less 
than 100 ms can have a higher power output than a trans 
mission of 100 ms. For example, a transmission of 25 ms can 
have four times the power output of a transmission of 100 
ms. This will result in greater range of each transmission. A 
shorter transmission time also allows a shorter transmission 
interval (given a constant duty cycle) so that receiving 
detectors and Sound modules can enable their transceivers 
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for a shorter period of time, thereby conserving battery 
power. The transmission can also have a period of about 125 

S. 

0047. In one embodiment, for a test or silence message 
transmission, a nominal transmission period of for example, 
about 70 ms can be used. However, during an alarm message 
transmission, the transmission period is increased, for 
example to a nominal 100 ms. An advantage of this is that 
in an apartment building situation, where many Smoke 
alarms may be transmitting on the same frequency (but with 
different IDs), there would be less of a chance of collision, 
thereby increasing the likelihood that master/initiating 
alarms will have their transmitted messages received. For 
test and silence messages, there is little chance that two 
adjacent apartments would be testing or silencing their 
alarms at the same time, so collision is not a great concern. 
0.048. The encoded bit stream is sent to the transceiver 
where it is modulated onto the RF carrier in an on/off keying 
(OOK) format, where the carrier is “on” to send a one, and 
the carrier is “off” to send a zero. The format of the RF 
transmission is shown in FIG. 4 and discussed below: 

0049) 1. First a series of alternating ones and Zeros is 
sent. This is the header. 

0050 2. The carrier is then turned off for a short period 
known as the deadtime. 

0051) 3. A start bit is then sent. 
0.052 4. The data is then sent. 

0053. In one alternative embodiment, the test message is 
transmitted with less power compared to the transmission 
power of alarm messages. For example, test messages can be 
transmitted with half the power used to transmit alarm 
messages. In this way, if a test message is successfully 
received by all of the devices in the system at the reduced 
power level, one can be assured that the critical alarm 
messages, which are transmitted at higher power, will be 
able to reach all of the devices in the system as well. 
Collision Avoidance 

0054 If two or more devices of the system 10 transmit an 
RF message at the same time, the RF transceivers are unable 
to receive either message. In order to avoid this situation, a 
strategy needs to be employed to prevent Such collisions. 
The following are exemplary collision avoidance strategies 
that can be employed. 
0055 Strategy 1 
0056 Before transmitting, a detector 12 or sound mod 
ule 14 will turn on its transceiver to receive mode for 
a short period of time. If the transceiver receives a 
header, deadtime and start bit during the time that the 
transceiver is enabled in receive mode, then the detec 
tor or Sound module will delay its own transmission 
until its current transmission is complete. This strategy 
is advantageous compared to simple carrier detect 
strategies by allowing a transmission in the presence of 
in-band interference. 

0057. However, if only a partial header has been 
received when the transceiver “on” time expires, the 
device will enable its transmission anyway. This will 
cause a collision with the transmitted data being lost. 
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0.058 Strategy 2 

0059. When a detector or sound module is enabled to 
broadcast an RF message, it has programmed within it 
a nominal interval time between each transmission. 
When the detector or sound module calculates the time 
of the next transmission, it adds an additional unpre 
dictable time to the transmission interval. Thus, if two 
of the system devices transmit at the same time, the 
next transmission from each will most likely be at a 
different time allowing the collision avoidance mecha 
nism above to come into play. 

Power Conservation 

0060 One or more of the life safety devices of the system 
10 is powered by direct current (DC), for example one or 
more batteries. To allow a life safety device to operate for an 
extended period of time (e.g., a year or more) on a single set 
of batteries, the transceiver of each detector and sound 
module(s) can be configured to be cycled on and off peri 
odically. For example, the transceiver can be configured to 
turn on (i.e., wake up) once every 1, 2, 5, 10, 15, 30, or 60 
seconds. In some embodiments, the transceiver remains on 
only long enough to perform certain operations such as, for 
example, receive a specified number of broadcast transmis 
sions. For example, in one embodiment the transceiver 
remains in a wake State long enough to receive two broad 
cast messages before reentering the sleep mode. 
0061. If a detector 12 detects an alarm condition (e.g., a 
threshold level of smoke), or the transceiver receives an 
alarm message (or a test message) when awake, the trans 
ceiver of the detector remains in the wake state until the 
condition passes, at which time the transceiver enters the 
sleep cycle again. 
System Operation 

0062. During main operation (i.e. when not in alarm state 
either as a result of detecting a hazardous condition or as a 
result of a test signal), a DC-powered device, for example a 
detector 12 operating on batteries, will only turn on its 
transceiver periodically to receive a message that may be 
being sent by other devices in the system 10. As the supply 
current is greater when the transceiver is on, this feature 
allows the detector 12 to operate longer on a set of batteries. 
An AC-powered device operating on battery backup will 
operate in the same way for the same reason. In addition, the 
controller of each DC-powered device is turned on and off 
periodically, for example every 18 ms, which conserves 
additional power. 
0063. When a DC-powered device receives an alarm 
message it turns its transceiver on continuously to a receive 
mode, starts a 10 second timer and produces an audible 
alarm until the timer is canceled or expires. Each time the 
device receives an alarm message, the timer is reset extend 
ing the alarm signal for ten seconds from that time. This is 
beneficial in preventing the alarm from going in and out of 
alarm from interference or bad reception. 
0064. When a device receives a test message, the device 
performs a self-test but maintains the once per ten seconds 
transceiver cycle. The device also only produces two 
audible, temporal patterns associated with a test message 
and not an alarm that would be produced upon detection of 
Smoke. This ensures the consumer that the device is per 
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forming the same functions it would if the test/silence button 
was pushed and conserves on battery capacity. 
0065. When a device receives an alarm message and has 
started alarming, it turns its transceiver on continuously in a 
receive mode and listens for additional alarm messages or 
silence messages. If the silence message is received, the 
device expires it alarm timer, stops alarming and returns to 
standby. This silences the alarms of the system more quickly 
than waiting for the alarm timer to expire. When a master 
detector receives the silence message, it also puts the detec 
tor into silence mode, and desensitizes its alarm circuitry. 
0.066 FIGS. 5A, 5B, and 5C illustrate operation of 
example life safety devices, such as Smoke detectors 12 
within the system 10. A similar operation would apply for a 
sound module 14 except the sound module 14 does not have 
Smoke detection capability. 
0067 Referring initially to FIG. 5A, in main mode, the 
controller of each detector powered by a battery has a sleep 
mode 505 for a period of time determined by a sleep timer. 
In the sleep mode 505, the transceiver 22 is turned off and 
is unable to receive or transmit RF messages. Upon expi 
ration of the sleep timer, the controller enters an awake mode 
510 for a period of time determined by an awake timer. 
During this time, the receiver portion of the transceiver 22 
can be turned on to listen for an RF signal, if the transceiver 
sleep timer also expires. For example, the controller can 
awaken every 18 ms while the transceiver awakens every 10 
seconds. Both the sleep timer and awake timer functions are 
performed by firmware in the controller 20. 
0068 If the transceiver is in a sleep mode when the 
controller comes out of sleep mode and remains in sleep 
mode while the controller is in awake mode, the controller 
will return to sleep mode upon expiration of the awake timer. 
When the transceiver is in an awake mode at the same time 
the controller is in the awake mode 510, the receiver portion 
of the transceiver 22 listens for RF signals from other 
devices in the system. The controller remains in the awake 
mode when the receiver portion of the transceiver is on 
listening for RF signals. If no RF signal is received and the 
awake timer of the transceiver expires, the controller returns 
to the sleep mode 505. 
0069. In example embodiments of AC powered detectors, 
the detectors remain in awake mode 510 rather than sleep 
mode 505. 

0070). If the transceiver 22 of a detector receives a test 
signal in the awake mode 510, that detector enters a test 
mode 515 for testing the operation of the detector. Once the 
test is complete, the controller returns to the sleep mode 505 
if battery powered, or awake mode 510 if AC powered. If the 
transceiver 22 of a detector receives an RF alarm signal in 
the awake mode 510, that detector then becomes a slave 
detector 520 and starts alarming to warn of the detected 
smoke. The slave 520 also turns its transceiver on continu 
ously to listen for additional alarm messages or silence 
messages sent by another device in the system. 

0.071) If in the awake mode 510 the sensor senses a smoke 
level above an alarm threshold, the detector becomes a 
master detector 525 (unless the detector is already a slave), 
Sounds its alarm 32 and starts alternately sending RF alarm 
signals to other detectors 12 and devices in the system, and 
listening for RF signals from other devices. Those RF alarm 
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signals that are sent by the master 525 and that are received 
by other detectors that are in the awake mode 510 turn those 
detectors into slave detectors 520. 

0072 FIG. 5B illustrates the operation of the master 
detector 525 that has detected a smoke level that is above the 
alarm threshold. As shown in FIG. 5B, if the Smoke level 
detected by the sensor 30 of the master detector 525 there 
after is below the threshold, the alarm 32 of the master 525 
is silenced and its controller re-enters the sleep mode 505. 
Another possibility is for the master 525 to receive a silence 
signal, either via RF from another device in the system or by 
the user pushing the button 38 on the master 525. If the 
master 525 receives a silence signal or is desensitized by the 
user pressing silence button 42, the master 525 enters a 
silenced mode 530 governed by a silence timer built into the 
controller 20. From the silenced mode 530, if the smoke 
level detected by the sensor 30 is below the threshold, the 
controller of the master 525 returns to the sleep mode 505. 
On the other hand, if the silence timer expires or the smoke 
level detected by the sensor 30 is above the threshold, the 
master 525 exits the silenced mode 530 and returns back 
Sounding its alarm and transmitting RF alarm signals. 
0073. In addition, if the master 525 receives a test signal 
while in the silenced mode 530, the master 525 enters the 
test mode 515 for testing the operation of the master 525. 
The test signal could come from receipt of an RF test signal 
or by the user again pushing the button 38 on the master after 
pushing the button to enter the silenced mode 530. After the 
test is complete, the controller of the master 525 will return 
to the sleep mode 505. 
0074 FIG. 5C illustrates operation of a slave detector 
520 that has entered an alarm state upon receiving an RF 
alarm signal from the master 525. The slave 520 remains in 
an alarm condition for a period of time controlled by the 
controller 20. At the expiration of the period of time, upon 
receipt of an RF silence signal from a detector or other 
device in the system, or upon receipt of a silence signal 
resulting from pushing the button 38 on the slave 520, the 
controller of the slave 520 returns to the sleep mode 505. 
0075). In the sleep mode, the controller 20 of the detector 
12 wakes up (i.e. enters awake mode) periodically, for 
example every 18 ms, to perform detection functions (e.g., 
measure Smoke density) and take care of other tasks, for 
example checking the battery level and checking whether 
the test/silence button has been pressed. However, when an 
alarm condition is sensed (or the detector receives an alarm 
message or test message), the processor wakes up and 
remains in the awake mode until the condition is not sensed, 
whereupon it returns to the sleep mode. 

0076. As discussed above, the audible alarm can include 
a Suitable voice message. The Voice message can indicate 
the type of sensed condition, the location of the sensed 
condition, and/or a brief instruction announcing what should 
be done as a result of the sensed condition. However, the 
detectors and/or sound module can play additional voice 
messages unrelated to an alarm event or a test. For example, 
a voice message can announce when a device has entered the 
silenced mode 530, when a device exits the silenced mode 
530, when a low battery has been detected. In addition, a 
Voice message can be played upon installing a device 
instructing the user to push the test/silence button to trigger 
a test of the system, or congratulating the user on purchasing 
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the device. During a fire condition, it is preferred that a voice 
message announcing the fire (or a voice message announc 
ing any other detected hazardous condition) be played at a 
louder level than non-alarm messages so that the user's 
attention is drawn to the hazardous condition. 

0077. The above-described RF system 10 can be inte 
grated with a gateway system of the type described in U.S. 
Patent Provisional Application Ser. No. 60/620.226 filed on 
Oct. 18, 2004. As described in that application, a gateway 
device is hardwired to existing detectors and is used to 
communicate wirelessly with one or more RF-capable detec 
tors, thereby allowing existing, hardwired detectors to work 
with later added RF detectors to form an alarm system. In 
Such a system, if the detector that initiates the alarm is a 
hardwired alarm or the gateway device, and that detector 
receives a silence message, it will deactivate the hardwire 
interconnect line, thereby silencing the hardwired portion of 
the alarm system. An example of a hardwired alarm system 
is disclosed in U.S. Pat. No. 6,791,453. 
What is claimed is: 

1. A method of radio frequency communication for a life 
safety device including a controller, a hazardous condition 
sensor, an alarm device, and a radio frequency communica 
tions device including transmitting and receiving capability, 
the method comprising: 

receiving a test signal using the radio frequency commu 
nications device; 

lowering a Voltage to the hazardous condition sensor to 
simulate a hazardous condition to test the hazardous 
condition sensor, and 

emitting an alarm using the alarm device if the hazardous 
condition sensor passes the test. 

2. The method of claim 1, further comprising: 
receiving a silence signal using the radio frequency com 

munications device; 
if the device is a master, desensitizing the hazardous 

condition sensor, and 
stopping the alarm from the alarm device. 
3. The method of claim 1, further comprising: 
before transmitting a radio frequency signal, turning on 

the radio frequency communications device for a 
period of time; and 

delaying transmission if the radio frequency communica 
tions device receives a header, deadtime and startbit. 

4. The method of claim 3, further comprising: 
calculating a time of a next transmission; and 
adding an unpredictable time to the time of the next 

transmission. 
5. The method of claim 1, wherein receiving further 

comprises receiving the test signal at approximately one-half 
of a transmission power of an alarm signal. 

6. The method of claim 1, wherein receiving further 
comprises receiving the test signal at a first duration that is 
shorter than an alarm signal at a second duration. 
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7. A method of radio frequency communication for a life 
safety device including a controller, a hazardous condition 
sensor, an alarm, and a radio frequency communications 
device including transmitting and receiving capability, the 
method comprising: 

before transmitting a radio frequency signal, turning on 
the radio frequency communications device for a 
period of time; and 

delaying transmission if the radio frequency communica 
tions device receives a header, deadtime and startbit. 

8. The method of claim 7, further comprising: 
calculating a time of a next transmission; and 
adding an unpredictable time to the time of the next 

transmission. 
9. The method of claim 7, further comprising: 
sending a test or silence signal of a first duration; and 
sending an alarm signal at a second duration greater than 

the first duration. 
10. A method of radio frequency communication for a life 

safety device including a controller, a hazardous condition 
sensor, an alarm, and a radio frequency communications 
device including transmitting and receiving capability, the 
method comprising: 

sending a test signal at a first transmission power level; 
and 

sending an alarm signal at a second transmission power 
level greater than the first transmission power level. 

11. The method of claim 10, wherein the first transmission 
power is approximately one-half of the second transmission 
power. 

12. The method of claim 10, further comprising: 
receiving a second test signal using the radio frequency 

communications device; 

lowering a Voltage to the hazardous condition sensor to 
simulate a hazardous condition to test the hazardous 
condition sensor, and 

emitting an alarm using the alarm device if the hazardous 
condition sensor passes the test. 

13. The method of claim 10, further comprising: 
receiving a silence signal using the radio frequency com 

munications device; 

if the device is a master, desensitizing the hazardous 
condition sensor, and 

stopping an alarm from the alarm device. 
14. The method of claim 10, further comprising: 
sending the test signal at a first duration; and 
sending an alarm signal at a second duration greater than 

the first duration. 


